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2 002 -500898 ^-^#) .^>> &P<ffc£"^ L , 

^•r^^M'fb-er%co^it^^^i/^;i-^0i^-r^s« 0-3 
15 3.8 7 0 o-^&fg) ^ ^m&mniz&MkMizm&Tz z\ z>t 
^ jm^v 3^-&&T&<koizmmtsnfz&^mmk£.wfr : ^%:m^ 

©ty^i^^ITS^ (*ffl#ffFffiIl&llfg 2 0 0 3/0 0 7 3 1 

20 _h!2cDJ:5 ^ , -T > ^ > h >ttn<Dmmmfc&. 

V 7 h^~T&3^ >A^«&£(Di«:fr^U ^ — Id cfc 0 

y ^- 7 \z3t m \z l & t -5 m m & #> %> . *m m <d wkm 
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Z. ttfl-mZtlZtf, RKLPDAPGMHTW (BB^J# 
D->^4 3 ^ n->4> 3 3^7D->$0, @B^J#-^ 3 tl$n?>75 

5 &m$. e^j i 6 - 3 8 t*i $ 7 $ ; iia^J^ ^ & § < h 

igtTit&^IPfl:i^Tt§QCM-D 3 0 0 (q-sense ABft 

mfc&oMi&\zttvxffiw&<Dm*®te±mzn>btitsi^o nmiz. mm 
25 j-$>y\%, 7^^x^<Dmm\tmt>\zm<t^n, 7^wtMf)^^>m^\z 
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fi#^j#fe-T> *^;i/£#r*£^jE#©/h3fc^£&#^7-"7:=.>^© 

4#@©yPU >^©^^Sfr©3lS^IB«, 1-@i^cffT'it) 

#@©yn u >fc»jt5^Efia©»fhffi**o^s®^si!is*fcbT^s 

<D7M^>^: 5#a©7XA°^^>m^©^^^©^^tg^^b < 

25 a^fcnfctt^s, ctie»©^s^B&t2bfc^^>^®©]E^©«^ 
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=L->&& Abfc}? A^M#: (@3^"J#^15) ^'^V^OJS^ 

15 #©ss<h bT«, ib^j## 3 <d 2 #@o u zsxDmmoiEmffitizm 

5 + X7^>/^»,AI^ >A°#«^<&/&^:7 0 5P F&££fts8l*r5IR, 
5fc f £ a g & & jl T* & £ . 
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©tK»S©3 Sfc5#Un-fcJ; 0 , @B^iJ#^ 3 Z> 7 T - v 5 £ P — 

■rarr s £ & #t * tsm s n 5 . 
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% §b <z> 

i7 »j-->y7ji£^ (2) JifB (1) iBmox^ U-nX^TJ&fcck 

t-it&ftmi&* (3) la^jst nci^nsT^/iSB^e^sf 
^ xc^'&tg^^rf ^^y^ t^> (4) mmm^r ni^^n^ys; 

( 5) I3^j#^- i t-^^ti^T^ ymsa^jo 1 , 4, 5f @©75/i 

^s^#$ntvi5 c t^#iJ[iT§±i2 (4) mmo^? >\zm& 
m&mr&^y 0 ?' (6) 2#iou^>^r7->i:fjft^n& 
20 @a#r#-*t 2 tc^snsx^ ymsB^j^s^s^ t &wwi£ir2>-tm( 5 ) 

/Kia^j^^j^s^^ >fcjs^n&w*rs^7 r 5 1 h^, (8) @a 
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tg (8) &mw*>\zm&m*m~r2>i'7 : ?\! j p* ao) i~5# 

( 8 ) umv^f >\zm&m&m-?z>^zf?- f^>> (id s3^j#-^ 3 

#i 5 \z^i*nz>T^ smmmfr z t&&m.£'tz>±m (8) x 
« o) mmo^?>izm'£m*m~rz>^y°^ (1.2) sa?«-*t 
i6~2 4 tc^$n^T5 /m@a^j^ >ic^-&tg^*^-^/^ 

F^> (13) ffi^"J#^- 1 6 ~ 2 4 IZ^^tl^T ^ yMffi&ttZgi^ 
mS3^J^6>/^D> ^05P^>K^tg£WT£^:7 0 5f F^. (14) S3 

?y##2 5-3 8 ic^n^ys ymMP\fr*>ts:z> ; 3 L &>\z@i'erm&# 
ts^^ f^, (15) sa^j#-^- 25-38 c^$n^y$ jwun 

15 y avmE33Wb& ?k ^o^^^ic^^i^t^^^ Ft, (1 

6) 1k¥mffi-£nT^Z>Z.£&WWc£TZ>±B (2) ~ (1 5) (D^~? 

$ e>.fc*-»«tt, (17) =F*?>1$, tem^-py. ?-?>&&jtu— 
M?^>t^§!: t^^mfr^> Jita (2) - (i6) (D^-rn^m 

20 ^O^^^lS^^fl^Wr?)^^^ F^, (18) ±12 (2) ~ (1 6) 
^^>-^^^F^^#:^, (19) ±IB (2) ~ (16) OV>fn^ 

lamcD^^ ^cjg^sBfcwrs^y^ Hi, fitting ^ Fx^ate^ 
25 /\°^«^, (2 o) mm^y'^^^tmm^^yn^m^. ?-$>\z 
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ai^>7^i^, (21) mm&^-j'T-Fxfemmm? >/^?n&. 

«^>A-^KT^^^i:^#fi:i:-rs±wa (1 9 ). f3«t<£> AI^ >n 2 
5 K^, (22) ±13 (19) ~ (21) CDV^n^lBa©AX^ >A"^ 

m.-tflj-zy tm&vtc?-? >- ai^w^ii^, (23) ±13 

10 (2 4) ±13 (2 3) mm<D**7#>/^?K& : r? > tffi&Vtci?-? 

>nt>m.m.£i (2 5) ±13 (2) ~ (17) (D^~f 

fr~D?-$ >\zffi&m%:mTz> 7 7 — (26) ±wb ('2*5) mmo 

^T~> ? ^^^>ii^^bfe^^>-^T-> ? ?t^#:^, (2 7) ±WB 

15 (2) ~ (17) (D^rnfrmmo?-? >\zm^m^t^^y°^^^ 

(2 8) ±13 (19) ~ (2D (D^-fftfrmmo)^? >izm&m&m 
t§Ai^ >n$n*m^z> z. t^#t ttsf^ >:gim<z>i£«> ^ 
>tf ^ (29) ±i3 (23) mm<D 

^^ilO^IXIif^^tfOl^^, (3 0) ±13 (2 5) 13 

(D^^j^xfi^^ >fe^o^^^js^, (3D ±13 (22) mm.<D^ 

^>-AI^>/^IS^#:Sf^^^it5^>/7 > hjmteWf 
25 So 

(3 2) @H^J## 1 fc^^tlST^ yTOJA^^S 
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$nf:7 5 / mE^j^ e>& o .fr-Dmizm&m&^-tz^'?^ k^* ( 3 
4) ib^ij## i ic^^n^r^ ymsa^j^ i , 4, 5#g©75;i?i 
5 s^#^nTv^ut§#^it5±sB (33) mm<Dk\zm'&m& 

ttS^^f H^, (3 5) 2 W-B <D U ^>^T ^ ~ > KBil £ nfcSB 
S«-S§2 IC^tlST^ /WJjl^f^ £ <h£4$m<hir<5±i3( 3 4) 

nm<Dmz.^m*^~$-z>^7^v^. (3 6) @h^j#-^3 tc^ns 
r ^ /msa^e>&£^fc^tB£^i"£^^ f*, (37) mnm 

10 f 3l:S$tl575;ra(^^T, If Kttti075/I?^^ 

(32) ~ (37) (D^-rn^f2m^m^^^^^-r^^'-7 0 ^ h-^, 
(3 9) ±ib (3 2) ~ (3 8) <d ^rnfr%zm.(Dm\zm&m sirts 

15 F^^i^^bfe^-^^^ FH'&fl^ (4 0) -LIB (32) 

~ (3 8) (D^nfimmvmizm&m&^T&^y'?-}* mm&^ 

tSAI^W^l^ 5 . (4 1) ±fB (4 0) I3«0AI^>/^W 
^tM^bfe^-AX^>A^!Kli^#^, (4 2) ±sB (3 2) ~ (3 

20 8) <D^rit^m<Dmzm^m^mt^^-f^ initwit 

ox, ^^0^^^tM^^r-r^ + ^^^>A°^M^, (43) ±ia (4 
2 ) fB*fc£>=^ 9* y^zn&mtm&vrcm-** >n?n^ 

fe^^ (44) _hfB (3 2) ~ (3 8) © V* n#>fB«c <Z>^ m £ 

T _^, (4 5) JilB (4 4) tmoy 7-^^lt^tfci-7 
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T-ztm&te^. (4 6) ±12 (3 2) ~ (3 8) <D\,*-ftlfr&m<D& 

mi&=p<DmrfLj5&'Ps (47) ±ih (40) mm<o&izm&m&m*?z> 

5 XttftOfiE^J-fc^fe"^, (4 8) ±12 (4 2) B3 © $B IS £ S 

(49) ±12 (44) mm.vmizm&m&sfiir&y x- 

0 ) @H^iJ#-^ 1 £ ft £ X ^ /tE^^^^^'J 3 >.fcUg-&fB£W 

io ts^^fH^, ( 5 i i td^^n^T^ ywt&mtz&^x. 

u n yc^ist ts^^f (52) mm 

#-*§- 1 l:^$tl575 y m@B^iJ<D 1 , 4, 5S@©7 5/t^SW 
15 "tS^^F^ (5 3) 2#B©US?>**7 7 — >Kl«ifeSft£E#l 

#-*t 2 i:^sns75 y Kia^jj&^&s c: t*#«t-rs±ia (50) 

f2«cCD^U 3 XC^-^tg^WT^^^^ (5 4) @2^iJ#^3fc^ 

(55) m^m^ 3 t^^n^T^ ywtmmtz&^x, igt< rat^M 

•3^U3>l:^^i^ft§^^H^^ (5 6) ft^$nT^§ 

ii t &#n!t£-r3±!2 (50) ~ (55) ©v» -mutant© S'U 3 >c 

Ig^SttS^^FI 3 , (5 7) ±12 (5 0) ~ (5 6) ©V>-fft 
25 3 >-^y^ Flt-&^^, ( 5 8 ) ±12 ( 5 0 ) ~ ( 5 6 ) ©V>TftJ&> 
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^>A*^K^ (5 9) ±13 (5 8) f3ifc<£>AI^>A°#«/^v'U 3> 
fcffr'frbfcS'U 3 >- AI^ ^A^fHt^-ffc^, (6 0) ±13 (5 0) 

~ (5 6) ©wrn^c*© v-u n >{c^-a-tMS:wr^^y^ f «■ 

*oT,)^t5^U n SWT £ + * 7^>/^S^ 

(6 1) ±13 (6 0) fam©^^7^>A-^K^v'Un>t^'&bfev' 
|J3>-^^7^W^R«^ (62) ±12 (5 0) ~ (5 6) 

10 fc^^b, A^->U3>l:»^l6Sft$7r-^, (6 3) ±13(6 

(6 4) ±13 (5 0) ~ (5 6) CD^-rn^f3«©-> U 3 ^tC-fg^lBS 

n >)&^©^J&2f2£^> (6 5) ±SB (5 8) t3«©v-U 3 >\zm&ffi 
15 IftSAI^ >A^»£ffl v>£ £ £ 5/ U n >^®£>&K, 

>- U 3 U ^ > commits fe^, (66) ±13 ( 6 0 ) 

±13 (6 2) mn&^v u>\zm&m&m'rz>7T~-i?*m^z>z}i& 

20 ^tfc^T^ S'U 3 OJgjftXttS'U 3 XD^Hb^i^, (6 8) 

±13 (2) ~ (i7) <o\,±?nfri&m<D^? >izm&m&&-?z>^7?- 
f, ±t3 02) ~ (3 8) (D\,*irnfrmm<nmzM'etm& : %'?z>^7 

^F, Xfe£> ±13 (5 0) ~ (5 6) <D^-?tlfrUm<£>i/V ~i>\Z®i£r 
#B£Wr5.^y^ FfcK^MAWIR* (AFM) &u-7) £ 

25 bT«ffl.-rs^^fci8*rs. 
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> ^ (D i§m & ^-r t? & & o 

10 ^3@(t D — 1 2 7^7*7 U ~^ffl^T, ^^>^I:MIT/^ 
"t b "C c5 <5 o 

20 7-f7*7 u — ©»wEW#3iittfc&*;fc#fc&Rfc^*— J^**^ 2 ' 

25 o7tlii£> ^gcT^b&fcGK ft Mitt* H 3 , m 4 4» KI^*T # 7 7 - 5> 
? D — >Sr^T. 
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i6E(t TKmmm^m^w^^ms.i^mmm^mQ cm-d 300 

&m^&BB#l#-*f 3 T^^n^^y^ H $1 tR"3~ 5 7 7 i^^P >(D 

5 m^EKP^"^^ 

QCM-D3 0 0 £JBV*fc^ >^®^(£> 7 T — W D->(D^^?; 

^ntu§.^iofi*}i e 3 - 2 - 3 oga^j£7^ y £^13* 

V — CD £ tira^S. 
#CKl, A7-12F, A7-12R, K2AA7-12Rtt, ^Jl^J 

7-12F£A7-12 R (£>S?&#-"& t>ii:, A 7 - 1 2F£K2AA7- 
20 1 2R<!)a^fctT?PCRt:l^]t. 

Ala inserts MMM 6 ICRWT SttAXRfl^ftfcJB ^ 

■SI 9 Ell** ^^M^R«"TSa^l#^4~ 1 4T*$n§^7'f 1 ^i 

25 -r^^T^^o 
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mi 3 gin @a?>j#-$t 3 Ti$n§7$ jMunt^^u^^f^- 

tS7 7-^©^I^, Ji^SB^J^fif^i^V^ 7->?©^lTS!lo 

25 HI 5BH E^S^3T^$n§7$/iBa^JA^^5^^^7°f 
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Sgl 7 0S, BH5iJ#^ 3 t^$n§7$ /Mfega^J^ sfcfc-frjfc^^f- 

15 
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& (-Xn-, X=any amino acid) £^J1 fcJfiasT* 7 V — S> £ bT^$af 
£ C £ feT^5**» 7fJ|£$*lT^£ 7 7-v 5 7^7*7 l J — (random 7 mer, 
12 mer, cyclic 7 mer&£) 21 £ 3o 

io bttt ±m*&w<D : ?*>\zm&ffi*mTz>'<7 Q ?- f<z>*# u--> 

^-/^ H-^^^^S^S^WTS £ t^tf 5. ft E#l#-^ 1 

fcfe^ffi&W-rs^-^^ H (A7-12) ffiM^lC*$n§7 

§, _h|2A 7 — 1 2lift© c f - I? i fc, E3&J## 1 fc7K<**l5 7 5 
20 ^JCDl#a (Arg) , 4#@ (Pro) , 5#@ (Asp) 07 5 7iiSM 
#$nt^S^^HWSb<, 2#S (Lys) j&tAlafcBJfcSnfcfiB 
2?U## 2 l:^$n575 /mBB^J^e.^S^^^ H (K2A-A7-1 

^ f t it, S2#i## 3 Kl^SnST 5 / ^ga^"JRK L PDAPGMH 
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TWfrbteZ?-* >lZU-etm*mT H (e 3-2-3) S3 

ffiRtf/Xtti'U n >tc«g-8r^^WT^.^7°^ F ( e 3 — 2-3 g?J|#: 
jjTfcfll^TS £ ±13 e 3 - 2 - 3fMtlTtt, 1-5 

#@s.tX7 ~ i 2 # @ cd y 5. y m^m^^n-^nAia^ffi^^nfcSH^j 

#^4-1 4tl*$n575>'eE5!l*5ftS^^H ( R 1 A , K2 
A, L 3 A , P 4 A , D 5 A, P7A..G8A, M 9 A , HI OA, T 
10 11A, W12A) ^ e3-2-3 ©N5fcSftfc:Alaj&*ttln • jf A£*lfc 
B3#|.#^ 1 5 JC^^tl^T 5 /m@3^J^ 5)^^^^^ H (Ala insert) 
££#7?**. Ala inserts 3^>» «lWXtt'>Un> 

i5 3_m#^> 1 2mm(Dmm^i^>^A^^'^\ i ^m^T^D 1 2 

7IJ- (New England Biol abs#:, Beverly) fi*©S29>Jf ^1 6~2 4 

iz^kznz>7 s y m@a^j^ s^^^y^ @b^j#^ i 6 ~ 2 4 k^c 
$ni.75 y isga^nc&^T. 1 < «^cj@<DT5 mm 

20 §^^f F^w^tsiit^'ets, 

mW^yy^^*??- H&S^-TS'C 7C7-f^7'J- (New England 
Biolabs*k)[*i3feeDS3#l## 2 5-38 tC^^n&T = ;»J^^5 

^^^h^>, @a^j#-^ 2 5 ~ 3 8 tc^^n^T^ y msa^ij^^^T, 1 
25 ^i<«i©7$/if*^^, ®^^b< ttttinsnfcTs y^@a^ij 
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So 

ccs, ismx.x'rji'm. mitm^m, dp pa a?y x-;i/*x*u 

25 ;PT^H) tt\ DCC+iftl^ (l-t FD^^^>7hU7^-JK N 

- t F n^>it# ->>7 5 F,N-kFD*^-5 -y;i^;i/*>- 2, 
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tltlt ^^fJl/*H75 F (DMF) , * ^)V7,)V** 

5 v- F (DMSO) , ^D-*X*D7$H. v^^l* ¥ h ? b F a 
(THF) , #&X^;^Rtf £tt&©fi^igi£«5£3£ltf 3 £ £ 

li(:fil^ft575;t, M^.^ "Tyr ©7Km* 
Arg©^7x> ! /Slis xhDl, F->;i/^ 2 - * > ^ ~> 

- «^>if ;1/tJnx 2 -x;p*x;1/«, ^>> f ;i/^-^>' 
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^•77^- il&j§$£#:i7 h^:7^- (HPLC) , rRm#@3?£^ 

ft ? z. tifii: % z> * 

^^^HtL-T, fa # & fp ifi fc 2 n fc ^ 7" ^ H £ W f U £ ffl V 15 £ <h 
^T#^>o $ <fc #ji £ Hit Wtg*^W-r^»T^/m^^Sm 

mffi*mi%>Z\ hifi-e^Zifi, Ik^mmizJ: D?^>, iS, 5/ U n 
&&m\zBf&'2i*:2>t£ib<D{k%tmffiii IT«, t't?>OK-;W Hp 

25 t^-^y h-r^at^ mmm\zM&&&nz>mm. t^p-tf 
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mmm. ft&mmik-r Z>mm (Nature Medicine, 3: 1266-1270, 1997 

5 ) , mmmm^^rnxu^mr &mm, mm^^wmm\zm^-t^mm. 
&mmm. &m®i&mm, mmmm^mm. mmm&mm, myt&&$5 

io >rt?n, dna, rna, mfc£<D§ifcmfr^&ftmto\zffi%k'3rz>m 

J (4#ffFfi§3 4 1 5 9 9 5#^#) 4> r#^tg^»@B^J Rtf^n &<£tS 
AltfifJ (#^ 2 0 0 1 - 3 5 2 9 9 0^1) IC^^^nfcAX 

^ >n?n<Dmf&m%mm\zm^2> zttfxz&o 

T^V^-Y^X. a^^^JVX, #U^^^^X, HK97, CCMV 
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p s A^>^^»^M r gA^>A 0 ^«£#tf3C:<h^T#3. ^CDftfl 

horseradish peroxidase) , "J 7^X7 
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-^y^-if, y-if % r^^;p3-x^^->^-ir\ our—a. 

n&mvf-Z>Z.i2ifiH&Z>. &tc* H^^iLT»> HA, FLA 

G>Myc^©Ith-^ ^4>, GST, Y^h-Xi^^^ 

tf F> t'Jdtxf^> (Hi s) mvMftiVk? ifUE 

10 Hi s^^tNi - NT A(7)^^H4^ftJffl-r^ - ^9 

15 3 £ <h7^T?#£» ±fB#^:/^ F^ft;^©? "6, 

x^i/>, tf^xtf-X, ->u#y;K £Hrtf) , #u 
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^^F, Xte2M$>"J 3>i^^^^^ Ht§DNAi£Sg 
(CM 1 3 ^ f d^t'©lltt77-^»< 

ytoI^tbTH ±IB*%W©^^>, Wtf/Xtt^'jnx: 
20 >> ^/Xtt'>U3>(^^i^ft57 7-^^ ^x 
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5^t^R!#Sn5. FftAlW'lcW^bfcA 

5 &z> ynzm ft, ^ > >^^-^^^ h 

^^LTlg^bfe ©ft/8 U£ £ tT, 3^>-f>:7 ,, ^> 

io b*rfc^* y-m^^-f^- Fft^bT^bfcfe©ftJB^£ :tt\ 

Jrvtt't y'fifV—^m >*©«3fe£ft4£«*T * £ £ S. $ £> 

H ft:fr VTm£r~?Z> Jin ST?© AIM 

cicD^^ FfctMimK: ci 

£ #58 93 ©##3^ VlS^:/^ Fftffl^S^* >^®©&K 

25 ^W^^y^^^ H t^^bfc^^0^^7^ >A°^7Sft^V^ 
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10 y'J n >^^^^^F^i^^bfc^^ej(D^^^^>A'^M^fflV^^ 

<Dfe<Dnw-^$k® (mmfc&m &&&&&&& ( 

biomineralization) £##f ; 5££/^T?#£o 

Sfc, ^fr^^^^ F 3^ F^##~>U 3 > 

20 B^^y'^- FfcBt^lWaK** (AFM) (^n-^) tltffl 

011*. fcT, ^fr^^tt^^? 1 F; **V*J45 1 ^>IS'&^^5 t F»'&A 
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ftj IS ffl H ft 5> <D #J ^ \z KB 5£ $ ft £ % CD T? & V > o 

til SO/iMOf^^f lOmg (ttW-^< ^Jt) 

1. 5mlI^>HJl'75 : a-ya^ 5 .0 0 /z 1 CO 5 0 m M h U 
10 X (tFn^r'v'^fJl/) T^/**> m~F> h'JX * 

^) ) m.MBffiMv H 7 . 5, 1 5 0 mMiiftt h U # A (ftftttag, 
*BR) (filTT B S ) ICs 0. 1% V fat*7 )V ^ ^ > (£AT, B 

SA) 0. 1% Polyoxyethylenesorbi tan monolaurate Twe 
e n - 2 0 (i/tfvfi:. St. Louis) ) SgsiHl b — (U#g# bfco 

15 f^^O^tl^ ^J:I^iH 1 3 0 0 (3^it» 13, 00 0 
rpm, 5^©jt^**f^^cfcD, ^ ^Ifc^&ifcR 2 it, ±t&£flfct)llfc 

fcde>tC, ^Clml l^tT3 0#K, ^2§LT, Hlgl^ir o t a 
tor RT-5 0 (^-f 5=-y #*fc) ^fflV^TlHlfeSl^bfeo 
20. ^±I'L>iH 1 3 0 0 (H;7+r>) 13, OOOrpm, 5#C0il^ 

5D1 2 7^^70- (New England Biolabs^fc, Beverly) , 1. 7x 

! 0 — (j^Tx pfu) *>v<\$i 7 ms<Dm&7> 

25 ^A^^f FSl^t^C 7 C7-f 7*7'J- (New England Biolabsft) 

2. 0xl0 M pf u^ttf 1ml TBS, 0. 1% BSA, 0. 1 
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% Twe e n- 2 0igi££Jn*_, HUSH, ^fiTlnl^^^a r o t a t 
or RT- 5 0 &fflUTHHBjK#Lfc. 

#lj|'6iH 1 3 0 0 (n^+h>) 13, 0 0 0 rpm, 5 3>®jg& 
%kft\Z&Q\ ±?H£3Xi9l&^ 1ml TBS, 0. 1% Tween- 
5 2O«TlO0»Uc, tlH 8, OOOXg, 5 fj>0j£'fr&fe 
fc«fc0, >%L^&tt:m-£-®Z> Z. tTfro fee 8fc*£»Jfc«:lfc0lifcV>fc. 

Ira 1 00. 2 M ^U'>> (fP^^fi^) • IiiII.P H 2 . 2 £ 
ifl^> 1 0#IHK IST^-ff^tS rotator RT-50S1 

a-^Cil, 50m 101M hU^-Mi«f PH9'. 1 

^iraT^ z. tx^m VfrWilz, «^077-^©*i 

0 ©7*7- (Molecular Cloning Third Edition, 
Cold Spring Harbor Laboratory Press) ICt^V^'J^ bfco 

15 _±fB©jtf^T#e)nfe^T-> J ^tH^^LB^ilil2 0m 1 •fTM^it 
i*©^ilER 2 7 3 8ft [F' lacI q A (lacZ)M15 
proA + B*zzf : :TnlO(TetR) fhuA2 supE thi A (lac-proAB) A 
(hsdMS-mcrB)5(r k -m k -McrBC-)] tCi^m^ JS £ 5 (BR4 0- 

LF, ^^ffy^tt) 3 7'CT?*b<lil£#l<fc#S 6P#fSK >3r 

20 ^.^-hbfeo 77-^l«l^i^a-7*(5 0ml, ^ 

JA-12D- ^ — ) £J3V*4<C> 10SK 10, OOOrpmT^^ 
ITER 2 7 3 8 #^^DI^<ISIf^^2^ffV^ ±»07 7-^«S9J 
Lfe 0 77 — z?W.\Z 3 . 5ml (1/6 1) ©20% 
25 Polyethylene glycol 6000 (£AT P EG6 0 0 0, Flukaft:, Buchs) > 
2 . 5M mt~r V U A -r-X h^a.->'^+th-, TM 2 
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ttl^bfe^ T-^Sr^^ ^^>^'0tiT4 , C, 10^, 10, 000 
r pmT^^bTHIJRbfe. 7 7 — ^tfcJKS* 3EIC4 , OOOrpm, 

5?«fcRfc, lmlOTBS^llli^ ^k-LT-fr^ b fct \Z , 1^^117 7 

'a — t/fc^bx l&&ffi&&<bft ( A T 2 0 1 8 MO-^-> ^^^&) 
^fflVJ5^,l 5,0 0 0 rp mT-j^fr bTJn?f£BiJ©^:i -:/K:Sb, 
10 ®»SnfcV>»ilE&flfc9RfcV>£:. 7 7-^HS^ 2 0 0 ^1020 
%PEG6000, 2. 5M £>fcT- h U V A SUn X X 5. >U— 1? & 
<tt^b. 5K±T 1 KfP^^ a^- h LT7 7 t&. A 

tiSlMitiUO^ 1 5, 0 0 0 rpm-el^l/T7 7 
-5>i£K*HIiKl/fc. T-^itRtC 2 0 0 /ilOO. 02% 

fc. »»T*fcV>3a«*««***'&«IK:«fcD 5*K 1 5, 0 0 0 rp 

~S*)!§®Tit§^b^:7 
25 1 ®B©&fl5i:J%&*©fcmT©&0 T-&ofc„ f^fr^, 2®B&lfc 
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C^-T 77V—£b\Z2 . 0x10", 3|Hg}t D127^^7'J- 
• C7C5^^5'J-i:t»lC2. 0xl0",.4@ltt, D127<^ 
7<J- Tte, 4. 3x10 s , C7C7-f^7'J-TH 2. 0 x 1 0 10 

i^^i^ciibfc. mm? r-i?*Mn?%mmt?-$>><DEimm 

5 Sfc, Rtf* ^©WIff ] 0Tween-2OiS*2@@(5A->^ 
#f£P#T0. 1%, 3 ®Sc0A o ->^^f^BtT> 0 . 3%, 4HJg(E>A 0 

10 igffi£nfc:7 t-^^^b) (Dtk<Dm<Dm4k*m 1 srcC7C7-f^ 

D127^^7'J-, C7 C7-f7"7'J-T3 7 # > FSfc#Snfc 
77- ^tl^fl^i^ (Phage Display A Laboratory Manual, Cold 
15 Spring Harbor Laboratory Press, 2001) V* # p — b , ' -£ ©Jga* 

- [-96gIII zy-^yyy^^^-i V- (5* — H0 C C CTCATAG 
TTAGC GTAACG-3') (@S^J#^ 39), NEBft, Beverly] & 
20 m^X, 7****/? — 5. h&lci; 0 bfc (CEQ DTCS Quick 
start kit, ^y#T>#:, T) . £j£^<t& <£>}&ffij <h "f — $ 

ffiffi\Z\Z, h^-V tT7 U — ^ — ^ >U— (CEQ2000, ^y#T>) £ 

^^Lfeit«iaa?ij^e»^s$n^)^*^7°5 l his^j^, 0127^7* 

25 5U- fc^V>TH|H3 (@3^J#^3, 16-2.4)- fc, C7C7-f77 

u — fco viT^m 4 (@B^j#^- 2 5 ~ 3 8 ) ic^n^n^f . 
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ZL<Dt£~T?, D 1 27'f^7'J- ^e>#e>nfee 3-2-377— 
JIt^T-S^:/^ FB3?>K RKL PDAPGMHTW (g3^J#^- 3 ) \*. 

3m<Di7 d— ><D^piZ\tm CB3^J^r *b~D%<Dtf 3 3i^ofc. 
#£©7 y — VZ v->&m®#<D±&W<i&&ib%£v \zte% ZL t.<DM 

El 3 (@B^J#-^ 3, 16-24), 04 (@E^J#-^ 2 5 - 3 8 ) TSt 

10 (HM01J2) 

#£&©£5&§i|g£^£Mb£: 0 UiSSM 1 X*tf b n > : if Wife £ m 

C77^Tffo>co nmmi tmtsizou. f^>t77-'^D->o 

Sli^Pf fcW 1 ^IB1T?»S Z\ t> ^M'POTwe e n 2 0 ©itSa* 0 . 
15 5%, B S A(Dnm& 1 %Tff o fed <h , JP A. 7 T — v 5 © & , D 
1 2 &$:(Df \n — >\tl 0 9 p fu, C7Ci*0^a-Xil 0 ll p f 
u^mm^tc. &7y-i?#U-><D^# >lZttlTZ>®i&m%:m 5 IZ& 

QCM-D 3 0 0 (q-sense AB^fc, ^if^U) «fc £ «S £ T? 3^ > * 
It7 7 — ^©^"d 

TkHfisig^^Q cm-d 3 0 omiE&v^i? >-t>*r-&m^tco 

25 W12 4. 9 9tl:i^t, 2 4. "6 8t*624. 7 0 

'C^ifiTSofeo B S ATt>t-$7'D y ^ > iff & t 7 D V * 
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TB STlipfi^^lfct, 7 7-^0*i#l 0 ,0 p f u/m 1 £ 

*>^£fr3 <h^«, TB ST*ipfll*S!l3tbfc«, TBS, 0. 1 % B 
5 SATfilSl O^W-f >^a^-hbX^Py + >^Sfr^ Sr/TBS 
T®$t<Z>B SA^tf Ifct, 7 7-^©W 10"pf u/m 1 £ 

6 tC^To 

< Jt#Mib&lr* H t.& <b> 07 (T) fc^^cfc T — v 5 ^^ 

T^SutS^ttS. — ?>hD-Jl/©77-^tlt BSA# 

^r, Mm\z*^)im&z>ii*z>vfri& fetter 7^>\zm^vr^M^^ 
#:s^si^fs#7 t-w^* >\zwrz>m&m<D&{b&w**>ito 

tAfc^O <D±X(Dn&\Z -)^Tf^Ib&. K u n k 

3 5 
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e 1 (Molecular Cloning Third Edition, Cold Spring Harbor 
Laboratory Press) iCfcOffofc. Hfc-&riSD N A £ 

0 8 (MB^J#-*t4 0 ~ 5 0 ) tC^-To ^^M<^>^AcD?ii^»> 7 7 — 

mfe\%* imxtc 7 r — vm*: i o io p f u \z^t>^x, mnm2\z7Rt 
ni9^^-r^m^e>> i#@cdt;i/^^>, 5#@07x/^^>t 

(5U£#I 5) ' ' 

20 &tk&mmz, m i o izm^miz7jkvzijj&-eftmvtc 0 &7t-*j 

^P->01*|DNA (fiATRF) Q I AGEN k 1 fftlUT 
^^bfeo ienfcRFSiiCUTPCR^ffofc. z.<Dm\zm^tz 
^7^f7- (El 8 . @a^«J#-^ 5 1 ~ 5 3 ) iCfct, 5 ' M\ZUm:B^B a 
mH I ^J^t+1-^ htB amH I Tl2Jlfr^pJ£g£&£ £ 5 fc, £ £ l£ 5 ' 
25 #J1C 3il^'J Gmm&ttUQ b fee SSIiikJ^ Expand™ Long Template PCR 
System (^—U — ) £rffl ^TfT^. ^J&fciU ^>J^— if UK 
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mtt<D 1 0 xii$2 1 0 m 1 > 2. 5mM dNTPs 8/tl^7 
-TT — #100pmo 1 e / m l^U 1 fo, RF 0 . 5 m 1 £^tr 
1 0 0 ix 1 mmx-n-ofco PCROIJSI^ 94t> 3 0» v 6 0t, 
3 0|\ 72t, 6 3 0 it-T ^Jl/fro fco Sfc* +>* ^7 ;W CD hu 

^-M^fec PCREJSt, £|&#f£ 1 %X#n-X^;i/«ltC&lH;:,£ 

Genecleanll kit (7tn-» £rffl ^X, mn<D^U h n 
frlzft^mmistco iSl&DNA^ v iiiiBamH ; I (^-U> 
10 #-> X2mm. 30t^> + a^ht, /-JPi£SK:<fc D B 
amHI£2c?££^ DNASSIl/fc. SllfcDNA^ 4/il© 
5/i102 x -^y-v'a >/ty7 7- (7*0^^) fc»#b 

fciK 1 At 1 T4 DNA7^y-x (n->^.) ^jra^., i'a3 0^Pl 
7<^'-i/3 >KJS^ffVi|SiI^tfc. KfSifl^bT. ioo 

15 m l co^JfcM l izmn<D±MmE r 2 7 3 sW^ny^^-y Y^frttn 

1> *iT3 0^#tlfcE 42*0, 4 0#t- hi/a y 9 JtlMX 

tz&t. -?<\z 3^m^±\zm^rc 0 ^<d'&, s o o u i ©soc^m 

£«nl^ 3 7T:^3BfF^b< jgM^bTc^ 1, 10, 100m 
1 MtliiOER 2 7 3 8|2 0 0 /il t'S^b, 5#F H 1#i}&b 
20 fco ^-CD^, (Molecular Cloning Third Edition, Cold Spring Harbor 
Laboratory Press) \Z y & ^ 9 P - >{b h Tc A<Df«lfg^ 7 y 

— v*DN ACOga^J^^— ^X>Xt5 £ £ 0?SISb7Co DNA^- 

(DiK'&fi&GD^Ste, J|]^fc77-^i§l 0'°P f u(:-&t)tT, MM 

25 #12 K^TT^-efToTc. M^^g^o^ >\ztt?z>%£&m*m 1 
i^^tJ67c 0 mi i^c, ^^xc^t^sa^Jt^it^^ns^ 
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(§HJS0iI6) 

h— h^Uy? (ALB121, I WAK I ) CDX-f y ^S.«J 0 > ^1®. 

ft 54) £08fc5fcTo Jf A^M^SACDiiglSte, 
15 ffim&zs— 2 &Z\ tlCck Oflmbfc. DNA->—^x>^«x 

1 ^IWItUKfro fc. #e>nfcjf A&&#©^ >^©Jg^«B©tai 
fete, iBAfc77-^i$10 10 pf ut-&btT, 2 fc^-T^ 

20 T;W^ — >/^&SfHC&£ifr^/^te^£^5 Z. t^SlTV^. 

«> >\zm&-rz>** >/^l> ax^ >/i^»^^-^^y5 1 

25 HiS^ 3 - 6 (Dte&frbs @B^J## 3 T^^tlS^^^ K^Jf^TS 
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^$y%L=5- (efll5 0mm«T< {££3^~»7A) 10mg£x 
5 7^>FJl'75 1 a-7*IItD> 3 %(D]&mt7km (fB^M^) £lml 

ia^/ti^ ^-n^n, 12 or, 8 o t:, mm. ( r t ) *e i mm-t 
m& i o ,o p f u tc^t>i±T, nmm 2 K^^^ff ? fe« i§^^7K 

15 (HJ60!I8) 

S3 3 -e^nsT ^ ;8S^6ft5^7'5 : F^ii^T 7 

> 9 9 . 9 % fe^< 1 5 0 urn) • . JB (M> 9 9 . 9 % *&^< 7 5 ^ 
m) • m (1S> 9 9 % 75-150/Ltm)- (IS> 9 9. 9 

20 % «i2&< 7 5 urn) • #c (ij5fiS> 9 9 . 9. %< ttft 1 5 0 At m) - IB (*fi 
g£> 9 9. 9 % 1 5 0 u m) • M£& (*fi£> 99. 9 % 1 5 

0 ti m) • 9 U A mS.> 9 8% %L%k 1 0 p. m) • U b (i^> 9 9 
% 7 5 Atm) • >"J n > (mm> 9 9 % ti&< 1 5 O.jtm) (iB 

*fiftfc3M»2fcBr • «f3S) #1 OragCMUT, SWf§ 3 T^£*l£T 

25 $ytlB^Jii^^§^7*5 1 H^i^t§7 7-^^a'->l 0 10 p f 
u/m 1 V>T> ^JS0<l 2 «hl^D7j^T#^P^O^^tg^P^feo 
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>©#•&£> -f^v-U n>l:fe^t§i i^*ofc. 
(fHM0iJ9) 

3?iJ#-5f4, 5, 7, 8 <DT7~ >MJ&^^:7 T — i^Offi • >"\© 
^•g-fg^HSS^J 2 tC^-r^feT*3 7Lt5.~D.Tz.. H;l 4 \Z * <h 

&&^<D&9\t* ><D £% £mCM&l&7xl>fro uOClt)(i^> SB 

fr^mm - u&m mmzm • ->v^>\zm^-r^^t^^m^nrco 
(mmm 1 o 

m 1 T/B^fc^ >JgL^ 1 0mg$l7^>H;P7f a-^£iD> 5 
OmM HEPES-NaOH, 15 OmM N a C 1 T ~ HJt$fc?# bfcie 
20 fc, 1 0 0m 10ffi?iJSf 3(D^fi)c^'/f H5-4 0^M$iJlOb, 2 
Pffl, ffltlHlfel^Ir o t a t o r RT-5 0 (^-ff ^ 
I^THilillfc. I1IWH 1 3 0 0 (n?D-> SUSO 13, 
0 0 0 rpnu 5 #©^^^f^^«fc 0 , ±tS^®iRb, 7J^P7^t 

25 ff (B##t£ IE) SfflViT, ISljE^«3 4 2 hm, 1^437 
nms&^s ±fc*©^:/^K»ftfr &^>^©*^ft&3fc«>fc. 
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^eftS^^^ H©iSS^tg^^-<feo '&*>ntcm%:lzZiLTL a 
n gmu i r ©^^^^^ffl^T^-T y *r 4 H&t^ S*S3:* 

(mi) 



10 





(nM) 


qm 


(mole / m 2 ) 


Ti 


11.1 ±2.8 


2.5 


±0.3 X10 " 6 


Si 


13.2 ±4.0 


2.1 


±0.3 X10 7 


Sn 


ND 




ND 



<mmm in 

iDM 0 tbs ^^^?bfe@3^J#^- 3 n^>T^ ymia^j^ e> 

^S^^^^f HO. 1~0. 4raM(; 1 5g@?£g7j<?«£^}t^ 0 . 1 
mMII^5 £5 KSsUnb, 2 5tT!4 8^^^f>+a^-Mfcf , 

ttbTco Ml 5 Kl?K£n<g>i^fr<S> $55 0 0 nm©*££<Dii&llf£<E> 
25 (HiS^J 1 2) 
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B S lCjgffi.b&£?t|#-5 3 TS$n§75 / ^@3^J^ £ & S-o-Jifc 
H 2 - 1 2 mg/m 1 1 mM HC.l 7?^^^ 0 . 1 MiZUZ 

^leliRbfco H]iKbfc:>U # ^StKT <fc < »l> 2 0m 1 ©0. 
5N NaOH, 98t 3 0 >*a.^— M£ <fc 0 ^®7K*Tf 

1 00-50 0 0 JR b fc BF i£ 2 5 0 p. l IC, l Op. I (Dl 0 
• IOmIOIOX^U ^•x>1^>T> ; E-^ 

10 A7Ri£il££«nb, 2 5ttl O^rBl-O^a^-Mfct, 3 8 5 n 

15 u if— a >ie^ftt? £ t-mfrfr-D fee 

(glifcfll 1 3) 

\zmurcj3m\z&o&z.ts:~Dfro i- S3^j#^ $ ns 7 a 

Un>tf^->h^x U pMK2/f.errit 
i n amHItSacI TilOJt>rU, 7-- U >^bfe@a^J 

25 S^5 5R^5 6l:^$tl5^^DNA§jfAb« ^CBamHItl 
»r b fc, pMK2/ferritin£BamHI T^O^f bfe 
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illfcTBF^S^77$ K**IiXL I - b 1 u etfcfcSifc ( 
Molecular Cloning Third Edi t ion, Cold Spring Harbor Laboratory Press 

) \zv£temnifc&vtto mnuwkvtcmm*. 5m 1 ioo» g /m 1 

5 -> U >^tL BigifcT 16-20 P#F^ 3 7 *C T M « CD ^ , 

500ml 100m g/m 1 *JK"yiJ >^tL B 
$ £ 1 6 - 1 8 mm> 3 7 e CTig^£:fc;L&ofco jS^tftf^fc«fc 0* 
fll0£^bfc& <h, 5 OmM TrisHCl pH8. OiUffii&T'® 
#£8fc#-bfc£ 1 liter (DmmMfc&Tz. D 2Om ; 105OraM 
10 TrisHCl pH8. 0 Il^tll^S «fc < tfci, M^ifcifc 

5£^ff Sonifer 2 50 (BransonftSg 9>n U — , n^f^ # v 
h)>Mf7^ Hi*7, duty cycle 5 0%T2.^P«^l 

jS^Ukf^fc J; 0 pmi£B#£lEji|Xb,. 7 Ot, 1 5#ltai&*£b, 
15 lTi^i:?&SUfcf, 3»i&»fPfc J: D±«<&lUiRbfco HHKbfc 

^^^l^-l* ^ >3£^JI#~c?& £ Q - Sepharos eHP (Amersham 
t! X # ^ # x -1\ -a-;t-^-) Sffl^fcil^A^DTh^^?^ 
— lZ£.Z>mM&&Zte^]to 0-4 0 0 mMOMit-}- b V V M><D tf 7 
X>h^cfc0TBFS^tribfe o jtttitfcTB F 3 ifi «k D 

20 bfc^,Sephacryl S-400 (Amersham tf^^7 ^^i^f, 

T B F CD 2 4mi^(DmHd If— ^^lilJRbfeo 

JKDTB F (D?-?>^(D%i;&m&> MMM 3 TfflUfeQ CMC J; 0 * 
Mt bTBS^J#^- 1 fiJ^©^? >^© gB#l 

25 i T^snsrs/KiajiJd^&s^^ H^ift^?t7x 

U^>?>/\°^St (ferO) ©^* >^cD^-^feii^fe 0 
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mi 9 0 19 td^$n^Jgm^e>, TB Fte f e r 0 D t>3£ 

5 
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m * <d m m 

3. S3^J##1 fcjK£nS75y*EWjfc&fcS^ tf*T 

15 $;tm> B»i^b<«#un$nfc7$ymBa^i^e»*:o, 

5. @B^J#^ 1 \Z7ik&tlZ>7$ ;tfi^j0 1 , 4, 5f BOT^/i^ 
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9. ea 3tc^^n^T^ /MMn<D 1 , 4, 5#b©t^/^^ 

5 10. 1 ~ 5f IRI/ 7 ~ 1 2SS©7 ^ 7tBl^nt*tl7 7-> 
KlBg|£nfc83?iJ#-*§- 4 ~ 1 4^^$n^>T^ /l£@S^J#> S&S Z\ t & 

10 t^>^^^8 x&9 iBmcD^^ >^^-s-fg^wr^^y^ H. 

1 2 . @h^j#-^ 1 6 ~ 2 4 t^^^n^r^ /wtmpifr >\zm 

13. @3^J#^ 1 6 ~ 2 4 l£^£*l£T^ / m@3^J^*5V^', 1 ^ b < 

«ti©7$ s^^b< «#jtra ^n^r^ y^sa^j^e^ 

15 0, 7&^^^ >(C^^tgS*-r^>^y^ Ho 

1 4. SH^J#-^ 2 5 - 3 8 CS^n§75 / m@B^J^ £ & ^ > lZ$% 

15. ga^iJS^ 2 5 ~ 3 8 iZTxZtl&T $ /MM&WZ&^X, l^b< 
20 ^^^^>^^^fgSrWr^^^'^Ho 

16. 4k¥mffiznT^zz\£&&mh~?z>m&m2~i so^tn^ 

fBm<D^^>^^-&^SrWT^>^^ Ho 

^#^<h-r^>w^^ 2 ~ 1 6 o^^rn^iBifeo^^xc^^tg^wr^ 

25 ^7°fH. 

1 8 . it ^ 2 ~ 1 6 (D^-rn^mno)^^ yizm^m^m-t^^y^- 
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21. lit^yf Hxttiigtt^ >rt?m.ifi. mm&mm&momm, 
2 2 . gt^^ i9~2i ©vif n*>sa«©Ax^ yrtzn-tfi^* > 

2 3 . Wf$tm2 ~ 1 7 ©V^tl^fBifeO^^ ^fcjg^ffi^WVs^y^ 

2 4. m&m2 3 ism©** ^ >a°^r#^^ ^^bfc^ >- 
2 5. ff^JH2~ 1 7 <D\,*-rn&fRWDn?>\z&&m&mtz>i'7 i ? 

27. it^3S2~ 1 7 (D^-rnf)^m.<o^^>\z^^m^mt^^^^ 

25 f£o 

2 8 . l»3£J£t 19-21 ©V*-fft;frfB«©3^ >te&-&H££"-r5 AI 
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10 ^^fF. 

3 3. fi^#§it:^^n§75;WJl:^T, l«.b'<tt«t«© 
3 4 . @3?U#-*t 1 IzmZtl&TS. J 1 , 4, 5t@©75/t 

3 5. 2f @OU^>^7 7->tIi$nfcS?iJS#2(:S$ni.7 
20 3 6. E 3 C^^n§75 ^KIB^J^ £> & ^igiC^fM Sr^t" & 

37. ib^j#^3 K^snsr ^ smmmiz&^x. i;gi,< 
m\zigi<&m&^irz>^7°?- Ho 

25 3 8. \k^&ffi-ZnX^Z> £ L&&®L£T2>m$tm.S 2 ~ 3 7 ©^ftl 
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3 9. ii5fcJi 3 2 - 3 8 (D^-mfr&momzm&ffi&m-rz^??- f 

4 o . m&m 32-3 8 (D^-rn^iBm^m^^^^wr^^y 0 ^ f 
5 \zm-e>m*m~?z>Aj:? >A^st, 

4 1 . Bf5fc3S4 0 |3«<DAX^ >A°^K^^«h^-&bfe^- AX^ >/\° 
4 2 . m^JS 3 2 - 3 8 CD^-rn^iamcD^^^'&fgSrWi-^^^ F 

4 3. f#2fcJ|C4 2WHicO^^^^>A 0 ^e^mt^-a-bfe^-^^^^ 

4 4 . ffsfcjg 3 2 - 3 8 (D^^nfrmmvmizffi'&m&W'tz^??' f 

15 4 5. StJ|4 4iai07 7-^^t^^^fcffi-7 7-^II^. 

4 6 . m&m 3 2 - 3 8 wvi-rn^w3m(DiB{c:i^-&tg^^-r^^^^ f 

4 7. i*3fcJS4 OfB*fc<D£glC^£g£^£AX#>A^«£/^&;i 
20 4 8. ^5^^4 2 ta«t(D^I^M-a-^^W-r^^> >A°^S^fflV^ 

4 9. fi^JiU 4l2«cOii^^^igsWT^^T-> ? ^fflv^eit^# 

m. t -? z> is %l =¥- <d m & x is <z> ^ m \ b ^ & 0 

25 ftl»^^F. 

51. @b^j#-^ i ic^sn^y^ j mmfmz&^t. i^b<«^f@o 
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s/UDXiM^^f-rs^^ Ho 

5 2 . I3?»J#^ 1 t^$n§75 ym@3^iJcD l, 4, StSOT^/f 
10 IftS^^f H. 

55. ib^j#-^3 ic^sn^x^ ;iia^i:*^T, i^b<«icfio 

56. ftf§ii$nTV^i:<h<&#liiit§it3S5 0-55 ©V^tl 
15 ^EtC^UnX^^^^tr^^fH. 

5 7 . BjfjfcJg 5 0-56 ©V^-rn^WBm© v-U 3 > K: <£- f|g £ £ ^ 

5 8 . m^m 5 0 - 5 6 (D^-rn^w,m<D->v nyizffi&m&^-rz^ 

5 9. it3S5 8fEt©AI^>/^B^>'»Jn>i:^^bfc^U3> 

6 0 . m&m. 5 0 - 5 6 (D^*?tlfr%2m.<D v- U n >tCi^^^.$rWTS^ 
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6 i . m&m 6 ommo** wt* jr^u n >^<g^bfc^u n 

6 2. ffl|3R^5 0 - 5 6 ©Vi1*n^i3«©^U 3>KlJie^|gSWr«^ 

b —-Jo 

6 4 . 5o~5 6 <D^rnfrmm<Dz/v nxcis^i^ft^^ 
io omf&jjiiko 

6 5. w^js5 8««©$/y n>\,zm&ffi&m-?&A3:?>Kt7m&m 

6 6. »^3S6 OfBmo^Un>^|g^fg^^T^^^^^>A^K^ 
6 7. ^^^6 2ia«©^U ^>lZ%g<£rm&mTZ>7 7~z?&m^Z>ZL 

6 8 . m&m 2~i7 ©^rn^tB«©^^ >\zm^m^m-r^>^^- 

20 tt^^ 3 2 - 3 8 (D^-rtl^IBmo^^^'&tg^^r-r^^T 0 ^ 

Xte> if^5 0- 5 6 0^fn^fEiOi/'Jn>i:M^i^ft§^ 
y^'H&K^fflfcfcttflS ( A F M) (D^if t VXmmTZ 
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1.0E-05 



1.0E-06 



CL 

c 



& 
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1.0E-07 
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e3-2-2 LDTTNVSGPMSS 
e3-2-3 RKLPDAPGMHTW 
e3-2-4 RKLPDAPGMHTW 
e3-2-5 SYRLPVYLHALL 
e3-2-6 RKLPDAPGMHTW 
e3-2-7 RKLPDAPGMHTW 
e3-2-8 SDPNQDWRRTTP 
e3-2-9 RKLPDAPGMHTW 
e3-2-10 RKLPDAPGMHTW 
e3-2-12 LPSQLLSQVNLT 
e3-2-13 RKLPDAPGMHTW 
e3-2-14 RKLPDAPGMHTW 
e3-2-15 RKLPDAPGMHTW 
e3-2-16 RKLPDAPGMHTW 
e3-2-17 RKLPDAPGMHTW 
e3-2-18 RKLPDAPGMHTW 
e3-2-19 LCANNTTSVHPP 
e3-2-20 RKLPDAPGMHTW 
e3-2-21 MQMEGKPTLTLR 
e3-2-22 RKLPDAPGMHTW 
e3-2-23 RKLPDAPGMHTW 
e3r2-25 RKLPDAPGMHTW 
e3-2-29 STLKNPINLLAN 
e3-2-30 RKLPDAPGMHTW 
e3-2-31 RKLPDAPGMHTW 
e3-2-33 RKLPDAPGMHTW 
e3-2-34 RKLPDAPGMHTW 
e3-2-36 RKLPDAPGMHTW 
e3-2-39. RKLPDAPGMHTW 
e3-2-40 RKLPDAPGMHTW 
e3-2-41 RKLPDAPGMHTW 
e3-2-42 RKLPDAPGMHTW 
e3-2-43 SCHVWYDSCSSP 
e3-2-45 RKLPDAPGMHTW 
e3-2-46 RKLPDAPGMHTW 
e3-2-47 RKLPDAPGMHTW 
e3-2-48 RKLPDAPGMHTW 
e3-2-49 RKLPDAPGMHTW 
e3-2-50 STLKNPINLLAN 
e3-2-51 RKLPDAPGMHTW 
e3-2-52 RKLPDAPGMHTW 
e3-2-55 QDMIRTSALMLQ 
e3-2-56 RKLPDAPGMHTW 
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$ 4 0 



e3-4-2 CTSPTSVDC 
e3-4-3 CTPSPHQGC 
e3-4-4 CHTAPLPRC 
e3-4-5 CTPSPHQGC 
e3-4-6 CHGATPQNC 
e3-4-7 CSGHNPTHC 
e3-4-8 CTSPTSVDC 
e3-4-9 CTPSPHQGC 
e3-4-11 CPMWQAQQC 
e3-4-12 CGYYSMSHC 
e3-4-13 CDMLTPRSC 
e3-4-15 CTSPTSVDC 
e3-4-16 CLRLQSQDC 
e3-4-17 CQITWHHTC 
e3-4-19 CTPSPHQGC 
e3-4-21 CSAHHHDKC 
e3-4-22 CTPSPHQGC 
e3-4-23 CMTKNPLNC 
e3-4-24 CTPSPHQGC 
e3-4-25 CTPSPHQGC 
e3-4-26 CTPSPHQGC 
e3-4-27 CTSPTSVDC 
e3-4-28 CMTKNPLNC 
e3-4-29 CKTSLPTTC 
e3-4-30 CVSTYWKTC 
e3-4-31 CTSPTSVDC 
e3-4-32 CTSPTSVDC 
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R1A: AGGCAGCTTCGCAGAGTGAGAATAG 
K2A: CATCAGGCAGCGCCCGAGAGTGAG 
L3A: GGAGCATCAGGCGCCTTCCGAGAG 
P4A: CCGGGAGCATCAGCCAGCTTCCGAG 
D5A: ATCCCGGGAGCAGCAGGCAGCTTC 
P7A: GTATGCATCCCGGCAGCATCAGGCA 
G8A: AGTATGCATCGCGGGAGCATCAGG 
M9A: CCCCAAGTATGCGCCCCGGGAGCATC 
H10A: TCCACCCCAAGTAGCCATCCCGGGA 
T11A: TCCACCCCAAGCATGCATCCCGG 
W12A: AACCTCCACCCGCAGTATGCATC 

A7-12F; GGAGGATCCGCCGAAACTGTTGAAAGTTG 
A7-12R;GGGGGATCCTCCACCAGCATCAGGCAGCTTCCGAG 
K2AA7-12R; GGGGGATCCTCCACCAGCATCAGGCAGCGCCCGAG 

Ala insert; AGCATCAGGCAGCTTCCGTGCAGAGTGAGAATAGAAAGG 
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PCR GGGGGATCC 
CCCCCTAGG 



GATCC • 



. GGATCCGGG 
' CCTAGGCCC 



I 



BamHlffiit 



• G 

• CCTAG 



GGATCC 



^ CCTAGG \ 



deleted phage dsDNA 



10/19 



WO 2005/010031 PCT/JP2004/011319 



1 1 



10 



bo 
c 

I 6 



CO 
CD 



D7-12 



K2A 07-12 A I a- insert 



11/19 



WO 2005/010031 PCT/JP2004/011319 

I 12 g 



4.0E-04 



3.0E-04 



2.0E-04 



Q. 
+■» 



1.0E-04 



0. 0E+O0 




•f 



/ 



1 2/1 9 



WO 2005/010031 PCT/JP2004/011319 



1 3 



o 

o 
o 

c 

o 
CO 



I 

CO 

I 

T— I 

I 

P 



o 
CQ 




Ti Ag Si Au Cr n Sn Zn Cu Fe 



13/19 



WO 2005/010031 



PCT/JP2004/011319 



m 14 m 




R1A K2A P4A D5A 
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SEQUENCE LISTING 

<110> Japan Science and Technology Agency 

<120> Peptide having the abil ity to bind to the surface ol titanium, silver, silicon 

<130> N051-01PCT 

<150> JP2003-282509 

<151> 2003-07-30 

<160> 56 

<170> Patentln version 3.1 



<210> 1 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> delta7-12 

<400> 1 

Arg Lys Leu Pro Asp Ala 
1 5 



<210> 2 

<211> 6 

<212> PRT 

<213> Artificial 

<220> 

<223> K2A-delta7-12 
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<400> 2 

Arg Ala Leu Pro Asp Ala 

1 ' 5 



<210> 3 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-3 

<400> 3 

Arg Lys Leu Pro Asp Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 4 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> R1A 

<400> 4 

Ala Lys Leu Pro Asp Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 5 
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<211> 12 
<212> PRT 
<213> Artificial 

<220> 

<223> K2A 
<400> 5 

Arg Ala Leu Pro Asp Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 6 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> L3A 

<400> 6 

Arg Lys Leu Pro Asp Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 7 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> P4A 

<400> 7 
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Arg Lys Leu Ala Asp Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 8 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> D5A 

<400> 8 

Arg Lys Leu Pro Ala Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 9 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> P7A 

<400> 9 

Arg Lys Leu Pro Asp Ala Ala Gly Met His Thr Trp 
1 5 10 



<210> 10 
<211> 12 
<212> PRT 
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<213> Artificial 
<220> 

<223> G8A 
<400> 10 

Arg Lys Leu Pro Asp Ala Pro Ala Met His Thr Trp 
1 5 10 



<210> 11 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> M9A 
<400> 1 1 

Arg Lys Leu Pro Asp Ala Pro Gly Ala His Thr Trp 
15 10 



<210> 12 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> HI OA 

<400> 12 



Arg Lys Leu Pro Asp Ala Pro Gly Met Ala Thr Trp 
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10 



<210> 13 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> T11A 

<400> 13 

Arg Lys Leu Pro Asp Ala Pro Gly Met His Ala Trp 
1 5 10 



<210> 14 

<2_11> 12 

<212> PRT 

<213> Artificial 



<220> 

<223> W12A 
<400> 14 

Arg Lys Leu Pro Asp Ala Pro Gly Met His Thr Ala 
1 5 10 



<210> 15 

<211> 13 

<212> PRT 

<213> Artificial 
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<220> 

<223> Ala insert 
<400> 15 

Ala Arg Lys Leu Pro Asp Ala Pro Gly Met His Thr Trp 
1 5 10 



<210> 16 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-2 

<400> 16 

Leu Asp Thr Thr Gin Val Ser Gly Pro Met Ser Ser 

1 5 10 



<210> 17 

<21l> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-5 
<400> 17 

Ser Tyr Arg Leu Pro Val Tyr Leu His Ala Leu Leu 
15 10 
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<210> 18 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-8 

<400> 18 

Ser Asp Pro Gin Gin Asp Trp Arg Arg Thr Thr Pro 

1 5 10 



<210> 19 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-12 

<400> 19 

Leu Pro Ser Gin Leu Leu Ser Gin Yal Gin Leu Thr 

1 5 10 



<210> 20 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-19 
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<400> 20 

Leu Cys Ala Gin Gin Thr Thr Ser Yal His Pro Pro 
1 5 10 



<210> 21 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-21 

<400> 21 

Met Gin Met Glu Gly Lys Pro Thr Leu Thr Leu Arg 
1 5 10 



<210> 22 

<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-29 

<400> 22 

Ser Thr Leu Lys Gin Pro He Gin Leu Leu Ala Gin 

1 5 10 



<210> 23 
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<211> 12 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-2-43 

<400> 23 



Ser Cys His Yal Trp Tyr Asp Ser Cys Ser Ser Pro 
1 5 10 



<210> 24 

<211> 12 

<212> PRT 

<213> Artificial 



<220> 

<223> e3-2-55 
<400> 24 



Gin Asp Met He Arg Thr Ser Ala Leu Met Leu Gin 
1 5 10 



<210> 25 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-2 

<400> 25 
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Cys Thr Ser Pro Thr Ser Val Asp Cys 
1 5 



<210> 26 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-3 

<400> 26 

Cys Thr Pro Ser Pro His Gin Gly Cys 
1 5 



<210> 27 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-4 

<400> 27 

Cys His Thr Ala Pro Leu Pro Arg Cys 
1 5 



<210> 28 
<211> 9 
<212> PRT 
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<213> Artificial 
<220> 

<223> e3-4-6 
<400> 28 

Cys His Gly Ala Thr Pro Gin Asn Cys 
1 5 



<210> 29 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-7 

<400> 29 

Cys Ser Gly His Asn Pro Thr His Cys 
1 5 



<210> 30 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-ll 

<400> 30 

Cys Pro Met Trp Gin Ala Gin Gin Cys 
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<210> 31 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-12 

<400> 31 



Cys Gly Tyr Tyr Ser Met Ser His Cys 
1 5 



<210> 32 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-13 

<400> 32 

Cys Asp Met Leu Thr Pro Arg Ser Cys 
1 5 



<210> 33 

<211> 9 

<212> PRT 

<213> Artificial 
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<220> 

<223> e3-4-16 
<400> 33 

Cys Leu Arg Leu Gin Ser Gin Asp Cys 
1 5 



<210> 34 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-17 

<400> 34 

Cys Gin He Thr Trp His His Thr Cys 
1 5 



35 
9 

PRT 

Artificial 
<220> 

<223> e3-4-21 
<400> 35 

Cys Ser Ala His His His Asp Lys Cys 
1 5 



<210> 
<211> 
<212> 
<213> 
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<210> 36 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-23 

<400> 36 

Cys Met Thr Lys Asn Pro Leu Asn Cys 
1 5 



<210> 37 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-29 

<400> 37 

Cys Lys Thr Ser Leu Pro Thr Thr Cys 
1 5 



<210> 38 

<211> 9 

<212> PRT 

<213> Artificial 

<220> 

<223> e3-4-30 
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<400> 38 

Cys Val Ser Thr Tyr Trp Lys Thr Cys 
1 5 



<210> 39 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> 96gIII sequencing primer 

<400> 39 

ccctcatagt tagcgtaacg 20 



<210> 40 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> R1A mutant primer 

<400> 40 

aggcagcttc gcagagtgag aatag 25 



<210> 41 

<211> 24 

<212> DNA 

<213> Artificial 
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<220> 

<223> K2A mutant primer 
<400> 41 

catcaggcag cgcccgagag tgag 24 



<210> 42 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> L3A mutant primer 

<400> 42 

ggagcatcag gcgccttccg agag 24 



<210> 43 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> P4A mutant primer 

<400> 43 

ccgggagcat cagccagctt ccgag 25 



<210> 44 

<211> 24 

<212> DNA 

<213> Artificial 
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<220> 

<223> D5A mutant primer 
<400> 44 

atcccgggag cagcaggcag cttc .24 



<210> 45 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> P7A mutant primer 

<400> 45 

gtatgcatcc cggcagcatc aggca 25 



<210> 46 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> G8A mutant primer 

<400> 46 

agtatgcatc gcgggagcat cagg 24 



<210> 47 

<211> 26 

<212> DNA 

<213> Artificial 
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<220> 

<223> M9A mutant primer 
<400> 47 

ccccaagtat gcgccccggg agcatc 26 



<210> 48 

<211> 25 

<212> DNA 

<213> Artificial 

<220> 

<223> HI OA mutant primer 

<400> 48 

tccaccccaa gtagccatcc cggga 25 



<210> 49 

<211> 23 

<212> DNA 

<213> Artificial 

<220> 

<223> T11A mutant primer 

<400> 49 

tccaccccaa gcatgcatcc egg 23 



<210> 50 

<211> 23 

<212> DNA 

<213> Artificial 
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<220> 

<223> W12A mutant primer 

<400> 50 

aacctccacc cgcagtatgc ate 

<210> 51 

<211> 29 

<212> DNA 

<213> Artificial 

<220> 

<223> delta7-12 F mutant primer 

<400> 51 

ggaggatccg ccgaaactgt tgaaagttg 

<210> 52 

<211> 35 

<212> DNA 

<213> Artificial 

<220> 

<223> delta7-12 R mutant primer 

<400> 52 

gggggatcct ccaccagcat caggcagctt ccgag 

<210> 53 

<211> 35 

<212> DNA 

<213> Artificial 
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<220> 

<223> K2Adelta7-12R mutant primer 
<400> 53 

gggggatcct ccaccagcat caggcagcgc ccgag . 35 



<210> 54 

<211> 39 

<212> DNA 

<213> Artificial 

<220> 

<223> Ala insert mutant primer 

<400> 54 

agcatcaggc agcttccgtg cagagtgaga atagaaagg 39 



<210> 55 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 55 

tatgcgcaaa cttccggatg c 

<210> 56 

<211> 21 

<212> DNA 

<213> Artificial 
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<220> 

<223> primer 
<400> 56 

tagcatccgg aagtttgcgc a 21 
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed 
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a. type of material 
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table(s) related to the sequence listing 

b. format of material 

in written format 
I x l in computer readable form 

c. time of filing/furnishing 
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I x I filed together with the international application in computer readable form 
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2. [it] In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed 

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the 
application as filed or does not go beyond the application as filed, as appropriate, were furnished. 

3. Additional comments: 



Fnrni PrnVTSA/210 f continuation nf first sheet Oanuarv 2004> 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/0 11319 



Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2Xa) for the following reasons: 
Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2 - Q<] Claims Nos.: 2 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 

extent mat no meaningful international search can be carried out, specifically: 
It cannot be technically understood what chemical the "peptide" as set forth 
in claim 2 means, since neither any chemical structure, properties nor 
characteristics for specifying such a chemical is sufficiently clarified. 
Thus, claim 2 does not comply with (continued to extra sheet) 

Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 
(See extra sheet.) 



As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee. 

As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4 ' GO No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
Claims 1, 3 to 11, 16 to 32, 36, 50, 54 and 68. 
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The additional search fees were accompanied by the applicant's protest 
No protest accompanied the payment of additional search fees. 
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the prescribed requirements to such an extent that no meaningful 
international search can be carried out. (PCT Article 17(2) (a) (ii) ) 



Continuation of Box No.ril of continuation of first sheet (2) 

In an international application, the requirement of unity of invention 
(PCT Rule 13 :i) shall be fulfilled only when there is a technical 
relationship among those inventions involving one or more of* the same 
or corresponding special technical features. The expression "special 
technical features' 7 shall mean those technical features that define a 
contribution which each of the claimed invention, considered as a whole, 
makes over the prior art (PCT Rule 13.2) . The requirement of unity of 
invention shall be determined without regard to whether the inventions 
are claimed in separate claims or as alternatives within a sirigie claim 
(PCT Rule 13.3) . 

The special technical feature common to claims 1, 3 to 11, 32,. 36, 
59 and 54, each as a whole, and the parts relating to peptides according 
to claims 3 to 11, 32, 36, 50 and 54 in claims 16 to 31 and 68 resides 
in a specific amino acid sequence (SEQ ID NO:l) or modifications thereof 
obtained by slightly modifying the same (SEQ ID NOS:2 to 15) or the like 
(hereinafter these inventions are referred to as the first group of 
inventions) . 

On the other hand, nine peptides as claimed in claims 12 and 13 
(hereinafter referred to as the second to tenth groups of inventions) 
have structures not relating to SEQ ID NO:l. Moreover, there have been 
publicly known peptides capable of binding to titanium as reported by, 
for example, JP 10-338700 Al . Thus, xx a peptide capable of biding to 
titanium" cannot be considered as a special technical feature common 
to these claims and the first group of inventions. 

14 peptides as claimed in claims 14 arid 15 (hereinafter referred to 
as the 11th to 24th groups of inventions) have structures not relating 
to SEQ ID NO:l or the peptides of claims 12 and 13. Although these 14 
peptides are common to each other in having nine amino acids sandwiched 
between cysteine residues at both ends, peptides having such a structure 
have been publicly known as reported by, for example, J. Biol. Chem. , 
(1995), Vol.270, No. 52, pp . 31210-31218 . Thus, this matter cannot be 
considered as a special technical feature common to the inventions 
according to claims 14 and 15. 

Claims 33 to 35- and 37 to 49 (hereinafter referred to as the 25th 
group of inventions) relate to peptides binding to silver, while claims 
51 to 53 and 55 to 67 (hereinafter referred to as the 26th group of 
inventions) relate to peptides binding to silicone. However, peptides 
binding to metals such as titanium or silver or semiconductors such as 
silicone and a method of selecting the same by the phage display method 
have been publicly known by those skilled in the art (see, if needed, 
Nature Materials, (2002), Vol.1, pp. 168-172; US 2003/0073104 Al; Nature, 
(2000), Vol.405, pp. 665-668) . Thus, these matters cannot be considered 
as a technical feature common to these groups of inventions and the above 
first to 24th groups of inventions. 
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As discussed above, the present application has 26 groups of inventions 
and, there fore , this international application does not comply with the 
requirement of unity of invention (PCT Article 13 (PCT Rules 13. l f 13,2 
and 13,3)). 
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